Purpose The purposes of this study were to evaluate, in colorectal cancer patients, the cause of ICU admission and to find predictors of death during and after hospitalization. Methods This is a retrospective study including all patients with colorectal cancer admitted in the ICU of a cancer hospital from January 1st 2003 to December 31 2012. Results Among 3721 ICU admissions occurring during the study period, 119 (3.2 %) admissions dealt with colorectal cancer, of whom 89 were eligible and assessable. The main reasons for admission were of metabolic (24 %), hemodynamic (19 %), cardiovascular (18 %), gastrointestinal (16 %), respiratory (13 %), or neurologic (6 %) origin. These complications were due to cancer in 43 %, to the antineoplastic treatment in 25 %, or were unrelated to the cancer or its treatment in 33 %. A quarter of the patients died during hospitalization. Independent predictors of death were the Sequential Organ Failure Assessment (SOFA) score (with risk of dying increasing by 42 % per unit of SOFA score), fever (with risk of dying multiplied by three per°C), and high values of GOT (with risk of dying multiplied by 1 % per unit increase), while cancer control (i.e., stage progression or not), compliance to the initial cancer treatment plan, and LDH ≤ median levels had prognostic significance for further longer survival after hospital discharge. Conclusion This is the first study looking at specific causes for unplanned ICU admission of patients with colorectal cancer. Hospital mortality was influenced by the characteristics of the complication that entailed the ICU admission while cancer characteristics retained their prognostic influence on survival after hospital discharge.
Introduction
Colorectal cancer is the second cause of cancer in women and the third in men concerning more than 600,000 deaths per year worldwide [1, 2, http://www.kankerregister.org/default.aspx? lang=FR].
The prognosis of patients with colorectal cancer is influenced by some patient's characteristics (age, performance status, biological parameters like LDH levels) and tumor variables (tumor size, degree of differentiation, lymph node involvement, presence of metastases, molecular and genetic characteristics of the tumor like KRas mutation). Comorbidities have been reported to have a negative impact on survival in patients with colorectal cancer [3] . Similarly, the prognosis of patients presenting with a surgical emergency (intestinal obstruction, digestive perforation, hemorrhage) is worse than that operated on a scheduled basis [4] There are four main reasons for admitting a cancer patient in an ICU: recovery after a complicated surgery, acute complications of cancer or its treatment, administration and monitoring of risky antineoplastic treatment, and acute conditions unrelated to the underlying cancer or its treatment [5] . However, the literature is scarce regarding the patterns of ICU admission in cancer patients. There are a few data in malignant hematological diseases [6] or in solid tumors as lung cancer [7, 8] . Planned postoperative ICU admissions are documented in up to 15 % of patients with colorectal cancer undergoing heavy scheduled surgery [9] . Nevertheless, there is no data concerning unplanned ICU admission in this specific population.
The aim of our study is to determine the rate of patients with colorectal cancer among those admitted to ICU for medical or surgical complication and the reasons of ICU admission. We also aim at identifying predictors of death during hospitalization as well as for survival after hospital discharge.
Patients and methods
All patients admitted to the seven-bed medical ICU of our cancer academic hospital, between January 1st, 2003 and December 31, 2012, are included. The study was approved by the local ethical committee. The following data were retrospectively retrieved from the computerized charts: age, sex, date of first cancer diagnosis, date and reason for ICU admission (metabolic, hemodynamic, cardiovascular, gastrointestinal, respiratory, neurological, others), cancer characteristics at ICU admission (presence of metastases and sites, number of treatment lines, anticancer treatment, treatment plan, cancer status, cancer phase, and cancer stage), comorbidities according to the Charlson's score [10] , length of ICU and hospital stay, and date and cause of death. We a posteriori determined if the complication leading to ICU admission was related to the neoplastic disease, its treatment, or both unrelated.
We used the Australian classification [11] for cancer phase distributed in five categories: diagnostic phase when the patient is under review for newly diagnosed neoplasia; curative phase when a curative treatment is started or when the patient is cured or in complete remission; control phase when the therapeutic project can lead to a temporary remission with improved survival but without possibility of cure; pivotal phase when a disease-oriented treatment is no longer available requiring a switch to palliative care; and palliative phase when only comfort care can be proposed.
Cancer status has been divided in five categories: induction therapy, complete remission under treatment or without active therapy, partial remission, stable disease, or progressive disease.
In addition, biological variables, vital signs, and number of failing organs were recorded during the first hours of hospitalization allowing calculating the SAPSII [12] and SOFA [13] scores. SAPS II was designed to measure the severity of disease for patients admitted to ICU. This score is mostly used to describe the morbidity of a patient when comparing the outcome with other patients and to describe the morbidity of a group of patients when comparing the outcome with another group of patients). The Sequential Organ Failure Assessment (SOFA) score is used to determine the extent of a person's organ function or rate of failure. The score is based on six different scores, one each for the respiratory, cardiovascular, hepatic, coagulation, renal, and neurological systems.
We retrieved from the charts the information about lifesupporting techniques (invasive and/or noninvasive ventilation, cardiopulmonary resusCitation, dialysis) and limitation (and reasons) to life-supporting techniques.
To assess differences between patients who died during hospitalization and those alive at end hospitalization in continuous variables, the Mann-Whitney test was used; to assess difference in categorical variables, the Fisher exact or chisquare test was used. To determine which variables were independently related to in-hospital death, a logistic regression was constructed with stepwise variable selection, considering only those variables with a p value <0.20 in the univariate analysis for inclusion.
To assess predictors for survival in patients after hospital discharge, we calculated hazard ratios using Cox's proportional hazards model.
As we analyzed in-hospital mortality or survival, only the first admission per patient was considered.
All statistical analyses were performed using SAS 9.3.
Results
Between January 1, 2003 and December 31, 2012, there were 3721 ICU admissions of whom 119 (3.2 %) were concerning 101 patients with colorectal cancer. Out of the 101 patients admitted, 11 records were not available, and one patient admitted for elective surgery was excluded. Eighty-nine patients could be included in the study (11 patients having multiple admissions) representing 103 admissions. The main patients' characteristics are presented in Table 1 . Median age was 65 years. Seventy percent of the patients had a metastatic colorectal cancer (51 % had a progressive disease). Table 2 shows the main causes of admission. Twenty-four percent of the patients (n=21) were admitted because of metabolic disturbances: 18/21 because of renal failure secondary to dehydration, tumoral urinary tract obstruction, or toxicities due to antineoplastic therapy. Unrelated problems affecting renal function such as nephroangiosclerosis on hypertension were also observed. The second cause of admission was hemodynamic disorders (n=17, 19 %), mainly septic shock (n=13), and the third one was cardiovascular complications (n=16, 18 %), mainly arrhythmias (n=7), and pulmonary embolism (n=5).
Digestive disorders accounted for 16 % of the admissions (n=14), mainly related to neoplasia (71.4 %, 10/14). Bleeding was observed in eight patients: four lower gastrointestinal hemorrhages caused by local invasion, two upper gastrointestinal bleedings, one due to duodenal invasion from pancreatic metastases, and the other secondary to esophagogastric varices resulting from portal hypertension in the setting of liver metastases. One patient had a bowel obstruction by postoperative adhesions, and three cases of sepsis caused by a necrotic collection or cholangitis were recorded. Finally, 13 % of the admissions were of respiratory origin and six due to neurological problems.
Complications leading to ICU admission were due to cancer in 38 cases (43 %), to its treatment in 22 cases (25 %), or were unrelated to both in 29 cases (32 %).
Life-supporting technique limitations were decided in 27 % of patients. Invasive mechanical ventilation was provided to eight patients and noninvasive ventilation to 6. Eleven patients were treated by hemo(dia)filtration, 4 had cardiopulmonary resuscitation, 10 received vasopressor support. The use of invasive mechanical ventilation, noninvasive ventilation, administration of amines, and cardiac resuscitation was associated with a higher mortality (Table 3) .
The median length of ICU and hospital stays were 3 days (range 1-54 days) and 13 days (range 2-166 days), respectively. Twenty-three patients died during their hospital stay (12 in ICU and 11 in general ward). The median survival time in these 23 patients was 1 week. The median survival time from ICU admission to death or last date known to be alive was 4.6 months (range 2 to 6.3 months) in all 89 patients.
In univariate analysis (Table 4) , predictors of in-hospital deaths were the following: SAPS II score, SOFA score, platelet count, international normalized ratio (INR), GOT, GPT, CRP, bilirubin, lactate dehydrogenases, alkaline phosphatase, fever, and oxygen saturation (Table 4 ). In multivariate analysis ( A total of 65 patients were discharged alive from the hospital. Sixty-nine percent were able to continue the therapeutic projected defined prior to ICU admission. In 20 cases (31 %), it has to be changed because of neoplastic progression during hospital stay, of the complication leading to ICU stay or of premature death during the month following hospital discharge.
Univariate analyses for further survival after discharge showed that being at the control phase of the disease, cancer in progression, adherence to the anticancer treatment plan (projected before ICU admission) after ICU discharge, 
number of lines of chemotherapy before ICU admission, presence of metastases, CEA, and LDH levels, hemoglobinemia were prognostic factors. In multivariate analysis, adherence to the anticancer treatment plan (projected before ICU admission) after ICU discharge (HR 0.44, 95 % CI 0.22 to 0.87), cancer in progression (HR 3.33, 95 % CI 1.73 to 6.41) and LDH above median levels (HR 2.38, 95 % CI 1.26 to 4.51) were independent predictors of mortality after hospital discharge (Table 6 ).
Discussion
In our dedicated cancer center, about 3 % of the ICU admissions are colorectal cancer patients. The most frequent causes of admission are metabolic, hemodynamic, or cardiovascular. A rate of 75 % of the patients can be discharged at home, and 69.2 % can receive further anticancer treatment according to the therapeutic project defined before ICU admission. We found three statistically independent predictive factors for death during hospitalization: SOFA score, fever, and elevated GOT levels, all variables unrelated to the cancer disease while some cancer characteristics retained their prognostic influence on survival after hospital discharge (compliance to the initial therapeutic project, cancer progression, LDH levels). Few data looking at complications leading to ICU admission are available in the literature, and, at the best of our knowledge, none are specifically dedicated to colorectal cancer. Outside of a recovery postoperative unit where patients are admitted after a major programmed surgery, our cancer center owns a specific medicosurgical ICU for cancer patients with acute complications. Our study only took in account unplanned ICU admissions for complications.
The same low percentage of ICU admissions (3 %) of patients with colorectal cancer was found in a study dealing with both solid and hematological tumors [14] . The frequency of digestive cancers among solid tumors admitted in ICU is between 7 and 17 % in other series [10, 15] . This is a clinically interesting finding given that colorectal cancer is common and commonly treated with chemotherapy in adjuvant and metastatic setting. Only two thirds of the ICU admissions was found associated with complications due to the cancer itself (43 %) or its treatment (25 %). We had the same observation in lung cancer patients admitted in the hospital from the emergency room [16] .
The most frequent causes of admission were due to metabolic (mainly renal failure), hemodynamic, cardiovascular, and digestive complications. It is interesting to note that causes of admission patterns differed from those of patients with other cancer types. While, in other studies, hemodynamic problems represented a major cause of admission to the ICU among all cancer types [14] , respiratory problems were also very common in patients with hematologic [5] or pulmonary neoplasia [6, 7] . The causes of admission for digestive reasons are more specific to patients with colorectal cancer.
According to the literature, during their hospitalization, survival of cancer patients admitted to the intensive care unit is mainly influenced by the physiological disturbances caused by the complications leading to ICU admission [10, 14, 17] . We confirmed these observations in the present study, highlighting in particular the SOFA score, but also easily measurable variables like fever and GOT. Those two clinical factors were not found in the literature. Elevated GOT was, in most of the patients, not present before admission in the unit. We can postulate that this elevation in liver enzymes occurred in the context of multiple organ failure. In a small number of patients, this is in part due to liver dysfunction already present beforehand, mainly in the context of metastatic liver involvement. Considering life support techniques used during the ICU stay (which were not included in the univariate analysis because they have not been started in the early hours of hospitalization), we found that invasive mechanical ventilation, noninvasive ventilation, dialysis, amines, and cardiac massage were linked to a higher mortality.
The rate of intrahospital mortality (25 %) is lower than reported in studies on cancer all types confounded (30-40 %) [10, 14, 17] , lung cancer (75 %) [6] , or hematological malignancies (46 %) [5] . These results could be explained by the fact that our patients (25 % with curative disease) were admitted to the ICU in case of potentially reversible complication (triage), or because they had less comorbidity. Indeed, patients with lung cancer often have chronic lung disease [6] , International normalized ratio (INR) was missing in one patient. Lactate deshydrogenase was missing in three patients. Respiratory rate was missing in six patients. O2 saturation was missing in one patient. Diuresis was missing in two patients. which is an independent predictor of mortality during hospitalization. The same is true for patients with hematologic neoplasia, who are often severely immunosuppressed [5] .
We have shown that tumor progression and high LDH levels are independent pejorative factors for patient survival after hospital discharge and that compliance with the "before ICU" treatment plan positively influenced the latter. This confirmed that after recovering from acute complications, the long-term prognosis is determined by the characteristics of the underlying malignancy, as already demonstrated in a general oncology population [10] [20] . Moreover, it has been demonstrated that high levels of LDH are a factor of poor prognosis in advanced colorectal cancer [1] .
However, we have to discuss some limitations of our work. This is a retrospective study, and eleven charts were not available. Nevertheless, no other selection bias can be found as the patients were prospectively recorded in the database. Further, we almost have no missing data. In addition, if we had to perform a prospective study, written consent of patients would have been mandatory, and not all patients would have been included. This is a single-center study. It was carried out in a dedicated cancer center in Belgium, where intensivists have extensive experience in management of such patients. In addition, even if the number of patients is high in comparison to other series assessing solid cancer in issues, this study was conducted on a relatively small number of patients (n=89). This questions the value of generalization of our results. It would be interesting to conduct a prospective multicenter study over a larger number of patients.
Conclusion
This is, to our knowledge, the first study assessing unplanned admission of patients with colorectal cancer in an intensive care unit. The mortality was 25 %, and therapeutic project can be continued after hospital discharge in two thirds of the cases with a positive prognostic influence on the long-term survival.
This study also gave us information about the specific reasons for admission of these patients: a neoplastic origin in two thirds of the cases, dominated by metabolic problems of renal origin, followed by gastrointestinal damage, less frequently present in other types of cancer.
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